Introduction 35 36
According to the European legislation (Directive 99/31/EC) the total amount of 37 organic matter contained in source-separated collection of the organic fraction of municipal 38 solid waste (OFMSW) and the municipal solid waste (MSW) disposed in landfills must be 39 considerably reduced. Many studies have shown that MSW contains a high proportion of 40 organic materials, from 50 to 65% (Tchnobanoglous et al., 1993) and OFMSW from 80 to 41 95%. The need to reduce the biodegradable fraction allocated in landfills has favoured the 42 development of composting as useful biotechnology for transforming organic waste into 43 suitable agricultural products (Senesi and Brunetti, 1996) . 44
In addition to the problem associated of MSW a large volume of municipal wastewater 45 are worldwide generated every year. Wastewater treatment requires both the management and 46 treatment of the produced sludge that represents more than 50% of the construction and 47 operating costs of wastewater treatment plants (Metcalf and Eddy, 2003) . The application of 48 sewage sludge to soil is a current practice for returning valuable nutrients and organic matter 49 to reclaim degraded soils. However, sewage sludge should be stabilized and hygienized before 50 its application on agricultural soil and composting technologies can effectively decompose 51 organic matter into a stable end product (Gea et al., 2007) . 52
In general, the stability of these products derived from sewage sludge and 53
OFMSW/MSW treatments plants should be considered prior to their soil applications. 54
Stability is defined as the extent to which readily biodegradable organic matter has 55 decomposed (Lasaridi and Stentiford, 1998) . The analysis of a waste treatment plant requires 56 a reliable measure of the biological activity of the organic matter easily degradable (Lasaridi 57 and Stentiford, 1998) . The application of respiration indices has proven to be very useful in 58 the monitoring of waste treatment plants and for the prediction of the stability of final 59
P r e -p r i n t were run in triplicates and the results are presented as the average followed by the standard 135 deviation. 136 137
Plant characteristics 138
The composting plant studied in this work was located in the province of Girona 139 (Catalonia, Spain) Samples were collected from the most significant points of the two lines of the facility. 151
The samples selected for this study were: raw material (both lines), input mixture of tunnels 152 (both lines); output materials of tunnels (both lines), output material at the end of maturation 153 phase (OFMSW line), rejected material of refining compost process (OFMSW line), final 154 compost (both lines) and CRW (sewage sludge line). 155 156
OFMSW line 157
Input material (OFMSW: TS of 400.8 ± 33.2 g kg -1 wet weight (w.w.) and VS of 771.7 158 ± 62.4 g kg -1 TS) as received at the plant was mixed with wood chips, used as bulking agent, 159 at volume ratio 1:2 (OFMSW : wood chips) using an industrial homogenizer. After mixing, 160 the material was introduced in the composting tunnels. Tunnels dimension were 15x5x5 m 161 (length, width, height) and each tunnel was filled to 80% of its maximum capacity (around 162 107 Mg). The decomposition phase took place in the tunnels under controlled conditions of 163 aeration and watering (leachate produced during the decomposition of organic matter matrix 164 was used to preserve the moisture content within the correct range: between 70 and 50%). The 165 process parameters such a temperature, moisture content and oxygen content were controlled 166 automatically. The residence time of the mixture in the tunnel was approximately two weeks. 167
After the decomposition phase, the tunnels were cleared out and the resulting material was 168 screened with a mesh trommel of 100 mm and it was sent to the maturation area. Maturation 169 phase was performed in aerated static piles. Prior to set up the maturation pile, an absorbent 170 layer mainly made of wood chips was placed over the perforated pavement to ensure the 171 correct distribution of air thought the mass. Leachate produced during the maturation phase 172 was collected and treated at the nearby wastewater treatment plant (WWTP). These piles were 173 watered according to the evolution of moisture content during the process. During the first 174 three days of maturation air was provided continually. Following this period, the pile aeration 175 system was intermittent with 15 minutes of aeration followed by 15 minutes without aeration. 176
The total maturation stage lasts for approximately eight weeks. To obtain the final compost, 177 the matured material was screened to 10 mm by a trommel and refined using a ballistic 178 separator. The final compost (TS of 751.4 ± 3.0 g kg -1 w.w. and VS of 637.6 ± 3.6 g kg -1 TS) 179 produced was stored in the plant before commercialization. 180
Wood chips not degraded during the process were separated and re-used. Refuse (TS 181 of 809.9 ± 32.2 g kg -1 w.w. and VS of 460.2 ± 13.2 g kg -1 TS) generated during the screening 182 at 100 and 10 mm was landfilled. Extra production of leachate was collected and treated at the 183 nearby WWTP. Treated water used in the composting process comes from the same WWTP. 184 185
Sewage sludge line 186
Fresh sewage sludge (TS of 179.8 ± 3.2 g kg -1 w.w. and VS of 757.0 ± 1.1 g kg -1 TS) 187 came directly from the nearby WWTP, it was stored in a tank and successively mixed at 188 volume ratio 3:1 (v/v) with CRW (sewage sludge : CRW) (TS of 519.9 ± 3.2 g kg -1 w.w. and 189 VS of 987.6 ± 0.9 g kg -1 TS) used as a co-substrate. At the same time wood chips were added 190 as a bulking agent at volume ratio of 1:4 (v.v., sewage sludge + CRW : wood chips). already used for the monitoring of other waste treatment plants (Ponsá et al., 2010; Pognani et 211 al., 2010) . Microbial respiration was measured as O 2 consumption and CO 2 production in a 212 self-made dynamic respirometer (Ponsá et al., 2010; Pognani et al., 2010) based on the 213 methodology described by Adani et al. (2006) . 214
In this paper respirometric indices were also expressed in mg of CO 2 produced per g of 215 TS in order to calculate the Biodegradable Organic Carbon (BOC) content. During the 216 respirometric tests the aerobic degradation of organic matter caused the production and 217 emission of CO 2 that was measured by a system of sensors. Knowing that one mol of CO 2 218 equal one mol of C, the BOC can be calculated from the final cumulative CO 2 emissions and 219 the molecular weight ratio between CO 2 and C. The time required for the ATu assay was in 220 function of the instantaneous measure of Oxygen Uptake Rate (OUR) that must be below of 221 the 5% of the maximum OUR achieved during the test. At the end of the assay it can be 222 considered that all the readily and almost all the slowly biodegradable organic matter were 223 consumed (Sánchez, 2007) . 
Chemical and respiration properties 243
The chemical composition of the samples studied is presented in Table 1 . Regarding 244 the OFMSW line the input samples are characterized by an acid pH (5.12) as a consequence 245 of the anaerobic processes occurring in the plastic bags in which the material is stored before 246 its collection (Adani et al., 2006) . The addition of the bulking agent (normally recirculated) to 247 improve the porosity does not change the value of TS and VS, only the DRI 24h decrease 8.3%. 248
At the end of the tunnel phase, the DRI 24h and TOC of the organic material decrease 249 respectively 48.5% and 17.5% indicating that the decomposition phase took place correctly. 250 TS increase 22.3% and VS remained approximately the same, due to the effect of 251 concentration of the bulking agent not degraded. Before the maturation process (aerated static 252 pile) bulking agent and inert materials (such as plastic, glass and metals) are removed by 253 sieving the organic matrix using a 100 mm mesh trommel. At the end of the maturation 254 process DRI 24h dropped until 0.8 g O 2 kg TS -1 h -1 (52.9% decrease), VS decrease 17.1% and 255 TS increase 25.5%. To obtain the final compost the organic material coming from the 256 maturation area was sieved in a mesh trommel of 10 mm. The concentration of organic 257 fraction in the final compost caused an increase of DRI 24h of 11.1% (0.8 to 0.9 g O 2 TS
-1 h -1 ). 258
However bulk and refined compost presented a low DRI 24h , indicating that it was a stable 259 material. This phenomenon has been observed in other experiences when refining compost 260 from the OFMSW (Pognani et al., 2010) . Compost refuse (Table 1) had a value of DRI 24h of 261 30.8% higher than the final compost. This increase of DRI 24h can be explained due to the 262 introduction of semi-composted organic matter refuse (derived from the first sieving at 100 263 mm at the end of tunnel phase) in the compost reject from the refining phase. 264
In relation to the sewage sludge line, the raw sludge was characterized by a high 265 moisture content (82%), high NTK content (64 g N kg TS
-1 ) and a high respirometric activity 266
-1 h -1 ) ( Table 1) . Before filling the tunnels, raw sludge was mixed with CRW 267 (3:1) as a co-substrate used to reach a more suitable C/N ratio (from 6.3 to 16.9) and wood 268 chips (1:4) to improve porosity. This also caused a drop of: moisture content (62.9% less than 269 fresh sewage sludge), total nitrogen (57.8%) and respirometric activity (74.7% of DRI 24h ). 270
Composting process caused a further drop of 30% of moisture content and a high reduction in 271 the respirometric activity (88.9%). At the end of the composting process (tunnel phase) the 272 bulking agent not degraded was separated from the organic matrix and reused. The compost 273 obtained (Table 1) Final composts obtained from both treatment lines were particularly rich in N-NH 3 278 (2.8 ± 0.3 g kg TS -1 and 6.9 ± 0.2 g kg TS -1 from OFMSW treatment line and sewage sludge 279 treatment line, respectively). For this reason a detailed study of biodegradable organic carbon 280 (BOC) and nitrogen content was undertaken. To establish the real quantity of BOC of the 281 samples, ATu were performed using the method as described before. In Table 2 P r e -p r i n t the efficiency of both treatment lines (Pognani et al., 2010) . Using the quantity of CO 2 285 emitted, the real value of BOC for each sample could be calculated (Table 2) . Results showed 286 that the value of BOC are always lower than TOC, since C/N and BOC/N ratios were 287 calculated using the N tot content (NTK plus N-NH 3 ) (Haug 1993) . Given that composting is a 288 biological process the C/N ratios calculated using the chemical methodology are not suitable 289 for this type of biological tests, being the ratio BOC/N the one that should be used for the 290 characterization of an organic waste. 291
The differences found between C/N and BOC/N ratio were very high (especially for 292 sewage sludge treatment line); BOC/N was lower on average of three times of C/N values. 293
The results, shown in Table 2 , indicated that the samples of the OFMSW line had a BOC/N 294 ratio between 2 to 13. The BOC/N value of sewage sludge line was within 1 to 3. The BOC/N 295 ratio found for fresh OFMSW was 12.9 similar to that reported by Kayhanian and 296 Tchobanoglous (1992) . All the values of BOC/N were lower than 13, which could cause an 297 important loss of nitrogen during the composting process in the form of ammonia (Pagans et 298 al., 2006) and provoke environmental contamination and odour problems. Sewage sludge had 299 a very low BOC/N ratio (Table 2) due to the usual high nitrogen content (fresh sewage sludge: 300 71 g kg TS -1 ). Moreover, in this facility, CRW was added to the sewage sludge as a co-301 substrate before starting the composting process to include an extra input of carbon source 302 (VS: 988 g kg TS -1 ) with a low content of nitrogen content (N tot : 18 g kg TS -1 ). Unfortunately, 303 none sample of this mixture is available for technical reasons. Also a great quantity of bulking 304 agent (1:4 v.v.) was added to the mixture before starting the composting process. As expected 305 C/N and TOC values increased until 16.9 and 507 g kg TS -1 respectively (Table 2) . 306
In accordance with the results presented in Table 2 , total BOC can be directly related 307 with the biological stability of the material. In fact, a low respirometric activity (in terms of 308 consumption of O 2 or CO 2 emitted) corresponds to a low BOC value. 309
A new process index (TOC/BOC), useful to indicate the state of biodegradation of the 310 organic matter of the samples coming from a waste treatment plant, can be proposed (Table  311 2). Not biodegraded samples (fresh sewage sludge and fresh OFMSW) presented a low ratio 312 TOC/BOC (around 2), due to that the quantity of BOC is still high. When the biological 313 treatment took place the quantity of BOC decreases much more than TOC and the value of the 314 ratio TOC/BOC increases. The TOC/BOC ratio increase rate will change according to the 315 biodegradability of the material composted and the effectiveness of the process. Thus, in the 316 sewage sludge line the ratio increased from 2.4 to 10.5 after tunnel decomposition whereas in 317 the OFMSW line, the increase was from 1.8 to 3.8. Biodegraded material (like compost) had a 318 low value of BOC and a respective high value of ratio TOC/BOC indicating that the 319 remaining organic matter is composed mainly of long term biodegradable organic matter or by 320 recalcitrant organic molecules. 321
To reduce the time of analysis and find a rapid method to calculate the values of BOC, 322 a potential function between TOC/BOC index versus DRI 24h and AT 4 values was found 323 (Figure 1 ). Curve equations showed a good R square for each respirometric test (0.88 and 0.87 324 using AT 4 and DRI 24h respectively). In Figure 1 only six points were used to calculate the 325 curve equations so, in order to obtain a more representative curve, other different samples 326 would need to be processed in the future. Also, from the BOC analysis of a broad number of 327 different wastes, it should be interesting to evaluate the BOC value at different test times to 328 determine if it is possible to report a valid BOC value in a shorter period. 329
Further research should be performed on this ratio (TOC/BOC), as it could be used as 330 an indicator of the waste biodegradability, similarly to the Chemical Oxygen Demand/ 331
Biochemical Oxygen Demand (COD/BOD) ratio used in water characterization. Furthermore, 332 the increasing rate TOC/BOC during the process should be used as an indicator to compare 333 different technologies. 334
Pyrolysis GC/MS 336

OFMSW line 337
From the pyrograms of the samples studied a large number of molecules can be 338 identified (278-199 molecules) (Table S1-supporting information). In order to interpret the 339 results obtained, molecules were grouped on the basis of their chemical characteristics. A total 340 of 16 classes were identified: fatty acids, cycle-alkanes, alkanes, cycle-alkenes, alkenes, 341 alcohols, ketones, cycle-ketones, aldeydes, furans, isoprenoids, alogenurs, nitrogen 342 compounds, pyran compounds, silanes and aromatic molecules. 343
The raw material (OFMSW+wood chips) showed a high content of aliphatic 344 hydrocarbon molecules (Table S1- The N compounds class (11.3 % of pyrogram) (Table 3) Nevertheless, the low content of lignin-derived molecules (0.6 % of the pyrogram) identified 371 in the program was due to both the composition of the OFMSW and also, to the low 372 resolution capability of the columns adopted (apolar phase) for these molecules, that enhanced 373 the resolution of apolar compounds (lipids) (Dignac et al., 2006) . 374
The isoprenoids molecules class was attributed to the terpenes fraction derived from 375 vegetable material contained in the organic fraction of waste (Dignac et al., 2005; González-376 
Vila et al., 2009). 377
Poliaromatic molecules, i.e. naphthalene, alkylnaphtalene and indene were probably 378 originated from poly-aromatic molecules such as humic-like substances (Schulten and 379 Gleixner, 1999) . 380
Classes of alcohols and aldehydes are not well defined although literature reported that 381 they could come from lignin and/or lipids. 382
Finally, plastic derived molecules (benzene ethynil), silane and alogenure compounds, 383 that were found in a very small amount, were due to the presence of chemical and others 384 impurities (like plastics) in the OFMSW. 385
Composting process did not modified significantly the chemical composition of the 386 pyrograms (Table 3) , except for the alkene class, which showed in the composted materials 387 the presence of dienes (pentadiene and hexadiene) that represented the pyrolysis products of 388 partially degraded triglycerides (Alencar et al., 1983) . From a quantitative point of view the 389 modification of the organic compounds by composing the organic material could be followed 390 by studying the specific pyrograms (Table 3) . During the composting process there was a 391 progressively reduction of the lipid and polysaccharides fractions. In particular, the 392 polysaccharides from plants (cycle-ketones) showed the highest reduction, while the same 393 fraction coming from microorganism increased. At the same time, the protein content 394 increased because of a concentration effect as a consequence of the high rate degradation of 395 the other fractions. The proteins class increase could be attributed to the higher presence of 396 bacteria, such it is suggested by the increase of the polysaccharide fraction. Lignin-like 397 fraction did not showed a significant increase indicating that degradation was compensated by 398 the concentration effect due to degradation of other molecules. Moreover, the fact that poly-399 aromatic fractions increase during composting could indicate that lignin-like molecules did 400 not degrade but were humified (Adani et al., 1997) . 401
The compost sieved after maturation did not permit discussing the evolution of the 402 organic matter with respect to the raw material as the composition was artificially altered. 403
However, the comparison between the raw material and the final compost showed a lower 404 presence of lipid and polysaccharides and a higher content of recalcitrant fractions as 405 previously reported (Adani et al., 1997) . 406
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